ABSTRACT In business practice, suppliers and retailers frequently offer trade credit to down-stream members to decrease the inventory level and promote sales. Granting trade credit also increases retailers' credit risk and customers' default risk, which may reduce retailers' profit and in turn exert negative influence on the supplier's profit. Hence, for the sake of self-interest, both the supplier and retailer choose to provide partial trade credit for their down-stream enterprises or customers. Numerous researchers assume the retailer is so powerful in decision-making that he/she can achieve the full trade credit. However, very few academicians have studied two-echelon partial trade credit, which is closer to reality. In this paper, we establish an economic order quantity model for a retailer that receives a partial trade credit from its supplier and offers a partial trade credit to its customers based on the retailer's profit maximization. The demand and default risk are assumed to be dependent on the credit period provided by retailers. This paper proves that the optimal solution is existing and unique. Meanwhile, we propose discrimination terms to identify the optimal solution among possible alternatives. Lastly, through numerical examples and sensitivity analysis, we derive the impact of related parameters on a retailer's order decision and managerial insights.
I. INTRODUCTION
It was assumed that a retailer's capital is limitless in the conventional economic order quantity (or EOQ) model. In other words, payment must be made when receiving products. In practice, however, suppliers often encounter problems, such as inventory backlog due to a retailer's temporary financial constraints. Hence, the seller mostly provides his/her buyer with a permissible delay in making payment to motivate sales and cut down inventory. This strategy is known as trade credit, which has become one of the most important means to improve the profitability of enterprises and to make capital flow more efficiently. In the actual supply chain operation, the supplier usually provides the retailer with a trade credit; similarly, the retailer furnishes a trade credit to his/her consumers. However, taking into account the actual sales market, with its many peer enterprises, fierce competition, downstream companies' default risk, etc., both the supplier and the retailer choose to provide partial trade credit for their downstream enterprises or customers for the purpose of reducing the risk of their interest loss and simultaneously improve competitiveness to attract more customers, which is of more significance either in theory or in practice.
There have been extensive studies regarding the inventory models for trade credit financing. In the setting of one-stage credit policy, Goyal [1] (1985) first proposed the retailer's optimal EOQ when the supplier offers delay in payment (i.e., an upstream trade credit). Kun-Jen Chung [2] (1998) established a method to determining the EOQ when the supplier offers a trade credit. Teng et al. [3] (2012) built a linear non-decreasing demand function with regard to time and obtained generalized and robust results of optimal lotsize. Considering the high risk of backlogging, Annadurai and Uthayakumar (2012) [4] analysed the partial trade credit using an EOQ-based model for perishable cargo, including shortages. Lou and Wang [5] (2013) first proposed an EOQ model from the seller's perspective to simultaneously condition its optimal credit period. Later, Pourmohammad Zia and Taleizadeh [6] (2015) developed a model to optimize the order and shortage quantities of multiple advance payments under partial trade credit. Subsequently, taking into acount the supplier's capital constraint, Wang et al. [7] (2016) set up a partial and conditional trade credit model with stable market demand for the two-level supply chain, which is in fact a Stackelberg game.
Nevertheless, in the present scenario, a one-stage credit policy is not quite realistic, as currently, the retailer also passes on the trade credit to his/her consumers. The trade credit serves as a powerful promotional method for retailers to stimulate demand. The phenomenon is called a two-echelon trade credit policy. Huang [8] (2003) discussed the problem of a supply chain system where the retailer obtains an upstream trade credit from the supplier and simultaneously provides a downstream trade credit for customers. Huang [9] (2006) further studied the optimal lot-size policies under a two-level full trade credit and limited inventory capability. Along this line of research, Wu et al. [10] (2014), taking the expiration date of perishable products into account, proposed an economic order quantity model that assumed both the supplier and the retailer provided a down-stream full-trade credit. Based on Lou and Wang [5] (2013), Wu [11] (2016) integrated an extra capital opportunity cost into the model and formulated two optimal trade credit models with demand and default risk, which are the functions of the trade credit period.
Another realistic situation obtaining momentum is partial trade credit financing in the supply chain model, that is, paying partial payment for goods immediately after receiving those goods and covering the rest when the trade credit period uses out. Huang and Hsu [12] (2008) investigated retailers' inventory policy to show that the retailer acquires full trade credit from its supplier yet merely furnishes partial trade credit to consumers. On this basis, Wu and Chan [13] (2014) took deteriorating items into account, and related articles can be found in Mahata and Mahata [14] , Thangam [15] (2012), Soni and Joshi [16] (2013), Chen et al. [17] (2014), Wu and Chan [13] (2014), Wu et al. [18] (2016), Liao et al. [19] (2017), Mahata [20] (2015), Mahata [21] (2016) and Mahata and De [22] (2017) and their references. In addition to the EOQ model, some academicians have extended this issue to the framework of economic production quantity (or EPQ). For instance, Mahata [23] (2012) studied the optimal replenishment decisions for perishable cargo in the EPQ framework, which illustrates a supply chain management (SCM) situation. There were some relevant and stimulating papers on the EPQ framework, such as those by Soni and Patel [24] (2012), Giri and Maiti [25] (2013), Pan [26] (2014), Chen et al. [17] (2014) and Sarkar et al. [27] (2015) . Default risk is also a significant matter that influences the retailer's optimal ordering decision-making and supply chain profits. Wu and Chan [13] (2014) assumed that the default risk rate is the function of the retailer's downstream credit period. Likewise, Wu et al. [18] (2016) and Giri and Sharma [28] (2013) adopted the same approach for default risk in their articles. Wu et al. [29] (2017) further investigated a supply chain's optimal trade credit strategies under the condition of the retailer's deferred payment and default risk.
All of the above articles assume that the retailer is so powerful in decision-making that he/she can achieve the full trade credit. However, the retailer is often at a disadvantage in today's world, and very few academicians have studied two-echelon partial trade credit, which is closer to reality. Therefore, the major contributions of this paper are discussed as follows: (1) we establish an EOQ model for a retailer who receives a partial trade credit from its supplier and offers a partial trade credit to its consumers based on the retailer's profit maximization; (2) the demand and default risk are assumed to depend on the credit period provided by retailers. Through numerical examples and sensitivity analysis, we derive the influence of related parameters on retailers' order decision and managerial insights.
This paper consists of seven sections, in the order from theory to practice. Apart from introduction, Section 2 gives the definition of notations, and makes necessary assumptions. Section 3 calculates the retailer's annual total profit under different cases. Section 4 gives the optimal credit period and ordering politics for a retailer. In Section 5, through numerical examples and sensitivity analysis, managerial insights are proposed. Lastly, in Section 6, we give the conclusions and come up with future research directions.
II. NOTATION AND ASSUMPTIONS
In this paper, we will use the following notations and assumptions.
A. NOTATION
See Table 1 . For convenience, functions D (N ), F (N ) and TP (T , N ) can be replaced by D, F and TP, respectively, and the asterisk symbol on a variable represents the optimal solution of the variable. For example, N * denotes the optimal solution of N . 
B. ASSUMPTIONS
The assumptions for establishing the mathematical inventory model are as follows:
(1) In a supply chain system, the retailer orders single-kind goods from a supplier in the setting of variable demand and in turn sells them to customers. The retailer, who must cover β portion of the payment for the order at the time of placing it, obtains M year's partial upstream credit from his/her supplier, which means that the retailer orders items at time 0 and pays off at time M , and in turn gives a partial trade credit period of N years to his/her default risk customers who must pay α proportion of the cash payment for goods at the time of buying productions.
(2) The initial capital of the retailer is 0. For the β proportion of the payment, the retailer needs to obtain a bank loan or other financing. Hence, the retailer must pay the interest of this part. If the retailer has surplus capital, he/she can obtain the interest earning.
(3) Following the assumption of Jaggi et al. [30] (2008), Chern et al. [31] (2008) and Teng et al. [32] (2012), we also define that the demand rate D is a positive exponential function of N , i.e.,
where K and a represent positive constants with k > 0 and 0 < a < 1. (4) The retailer's default risk increases with its downstream credit period. Accordingly, we define that the default risk rate given N is
where b is a positive constant representing the coefficient of default risk. See Wu et al. [10] (2014). (5) No shortages are allowed, and the replenishment is immediate.
(6) The retailer's net revenue received after the default risk is:
(7) To motivate the retailer to pay the rest of the purchasing cost in a timely manner, we assume that the unit interest paid is higher than the unit interest earned, i.e., I P > I e .
(8) Customers' immediate payment for items is not less than the retailer's immediate payment, that is, αp ≥ βc.
(9) Suppose the retailer pays off the loan of β part of the payment at the time t. If t ≤ N , the retailer pays off this loan relying only on the cash that the new customers must pay at the time of purchase, and in this case, let t be T a ; then, T a = βcT (αp); if t > N , the retailer pays off this loan relying on the cash that the new customers must pay at the time of purchase as well as the deferred payment after the time N , and at this moment, let t be T b ; then,
Through the above notation and assumptions, we can construct the retailer's annual total profit function regarding the down-stream trade credit N and the replenishment cycle time T .
III. MATHEMATICAL MODELS
To facilitate the retailer's acceptance of the supplier's partial credit policies and to provide customers with partial deferred payment terms, we should calculate the interest earned and payment. Hence 
The detailed expressions in each sub-case are as follows. 
We discuss the sub-case N + T ≤ M as below:
In this case, the retailer pays off the loan of β portion of the payment, relying only on the cash that the new VOLUME 6, 2018 customers must pay at the time of buying. As shown in Fig.1(a) 
and the retailer's annual total profit is
(2) N < T b In this case, the retailer pays off this loan relying on the cash that the new customers must pay at purchase time as well as the deferred payment after the time N . Form the 
2) SUB-CASE 1. 
interest on this proportion. Accordingly, Fig.3(a) , obviously, the retailer's annual total profit is equal to that in sub-case 1.2, i.e., T P 4 = T P 3 .
(2) N < T b As shown in Fig 
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According to Fig.4 , this sub-case can be divided into three smaller cases. Specific analysis is as follows: Fig.4 (a), we can get
From Fig.4 (c), we have
B. THE CASE OF M ≤ N
From values of M , T and N , three possible sub-cases are:
we discuss the three sub-case. 
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Based on the time during which the retailer pays off the loan of β portion of the payment, this sub-case can be divided into three smaller cases, as shown below.
( Fig.6(a) . During [T a , M ], the retailer accumulates the collateral deposit in an account that earns interest per unit and pays interest during other intervals. Accordingly,
(2) M ≤ T a ≤ N Under this condition, according to Fig.6(b) , there is clearly no earned interest during any intervals. Hence, we have
We can easily derive M ≤ T b due to M ≤ N and N ≤ T b ; in other words, the retailer must pay the total deferred payment of the supplier before he/she pays off the loan of β portion of the initial payment of ordering goods. According to Fig.6(c) , similarly, there is no interest earned during any intervals, and
which is equal to T P 11 , i.e. T P 12 = T P 11 .
The retailer's interest changes in this sub-case are shown as Fig.7 . The customer's trade credit period in years offered by the retailer does not affect the relationship between the retailer's trade credit period in years offered by the supplier and the replenishment cycle time in years. Hence, if M ≥ T a , the retailer's annual total profit is equal to the value of that in the case T a ≤ M ≤ N of M ≤ N ≤ T , i.e., T P 13 = T P 10 ; if M ≤ T a , in the same way, the retailer's annual total profit is equal to the value of that in case M ≤ T a ≤ N of M ≤ N ≤ T , i.e., T P 14 = T P 11 .
IV. MODEL ANALYSIS
In this section, we mainly analyse the ordering model in the preceding section and obtain the retailer's optimal replenishment cycle and the optimal down-stream credit period. Then, we give the corresponding theorems according to the analysis results to determine the retailer's optimal ordering decision, which is convenient for the retailer's ordering activities.
To find the optimal replenishment cycle and the optimal down-stream credit period for the retailer, we must solve the optimal solution separately through the retailer's objective functions under different cases. Hence, the existing theoretical results are applied to generalized concave functions. We know from Cambini and Martein [33] that if f (x) is non-negative, differentiable and (strictly) concave and g (x) 
is positive, differentiable and convex, then the real-value function
is (strictly) pseudo-concave. For any given N , via applying Formula (15), we can demonstrate T P i (T , N ) (i = 1, 2, · · · n) is strictly pseudoconcave in T . Accordingly, for any given N , there is a unique global optimal solution T * i such that T P i (T , N ) is maximized. The specific analysis is as follows.
A. OPTIMAL SOLUTION FOR THE CASE OF M ≥ N
Via applying the above-mentioned theoretical result in Formula (15), we can prove that T P i (T , N ) for i = 1, 2, . . . , 14 is strictly pseudo-concave in T . Accordingly, we obtain Theorem 1: For any given N , T P 1 (T , N ) is a strictly pseudo-concave function in T , accordingly, there is a unique maximum solution T * 1 . Proof: See Appendix A. If N + T ≤ M , considering the sub-case N ≥ T a , applying Formula (4), taking the first-order partial derivative of T P 1 (T , N ) with respect to (w.r.t.) T , setting the result to 0, i.e., 
and re-arranging terms, we derive the optimal solution of the replenishment cycle time, i.e.,
To ensure the conditions N + T * 1 ≤ M and N ≥ T * a are simultaneously satisfied, we define the two discrimination terms:
For any given T , taking the first-order partial derivative of T P 1 (T , N ) w.r.t. N , setting the result to 0, and re-arranging terms, we derive
Taking the second-order partial derivative of T P 1 (T , N ) w.r.t. N and re-arranging terms, we obtain
To confirm whether N * 1 is 0 or positive, we utilization Formula (18) to define the discrimination term
By applying the above analysis, we derive the following results:
Theorem 2: For any given
then, we obtain the following: (a) T P 1 (T , N ) is a strictly concave function in N , and accordingly, there is a unique maximum solution N * 1 ;
Proof: See Appendix B. Similarly, adopting the concave fractional programming to T P 2 (T , N ), we derive Theorem 3.
Theorem 3: For any given N , T P 2 (T , N ) is a strictly pseudo-concave function in T , accordingly, there is a unique maximum solution T * 2 . Proof: Omitted. Then, considering the sub-case N < T b in N + T ≤ M , applying Formula (5), taking the first-order partial derivative of T P 2 (T , N ) w.r.t. T , setting the result to 0, i.e.,
via re-arranging terms, the optimal solution of the replenishment cycle time is obtained, i.e.,
For any given T , taking the first-order partial derivative of T P 2 (T , N ) w.r.t. N , setting the result to 0, via re-arranging terms, we derive
Taking the second-order partial derivative of T P 2 (T , N ) w.r.t. N , and via re-arranging terms, we derive
To confirm whether N * 2 is positive or 0, we adopt Formula (23) to state the discrimination term
By applying the above analysis, we derive the following theorem:
Theorem 4: For any given
then we obtain the following: (a) T P 2 (T , N ) is a strictly concave function in N , accordingly, there is a unique maximum solution N * 2 ;
Proof: Omitted. Likewise, considering the case T ≤ N ≤ M ≤ T + N , applying Formula (6), using the same approach as Theorem 1 and Theorem 2, we can finally derive
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Likewise, we obtain the following theorem: Theorem 5: (1) For any given N , T P 3 (T , N ) is a strictly pseudo-concave function in T , accordingly, there is a unique maximum solution T * 3 ; (2) For any given
2 p − a 2 c ≤ 0, then we obtain the following: (a) T P 3 (T , N ) is a strictly concave function in N , accordingly, there is a unique maximum solution N * 3 ;
Proof: Omitted. For the case N ≤ T ≤ M ≤ N + T , if N ≥ T a , the optimal solution is equal to sub-case 1.2.
If N < T b , equally, applying Formula (7) with the same approach as Theorem 1 and Theorem 2, we can finally derive
Additionally,
Similarly, we obtain the following theorem: Theorem 6: (1) For any given N , T P 5 (T , N ) is a strictly pseudo-concave function in T , accordingly, there is a unique maximum solution T * Proof: Omitted. If N ≥ T a in sub-case 1.4 (i.e., M ≤ T ), applying Formula (8), we can obtain
. (2) For any given T (T
and
Then, we can finally derive Theorem 7 following the same method as in Theorem 1 and Theorem 2.
Theorem 7: (1) For any given N , T P 6 (T , N ) is a strictly pseudo-concave function in T , accordingly, there is a unique maximum solution T * 6 . (2) For any given
− a 2 βcI p T a T ≤ 0, then we derive the following:
(a) T P 6 (T , N ) is a strictly concave function in N , accordingly, there is a unique maximum solution N * 6 ; (b) If N 6 ≤ 0, T P 6 (T , N ) is maximized at N * 6 = 0; (c) If N 6 > 0, there is a unique N * 6 > 0 that maximizes T P 6 (T , N ).
Proof: Omitted. Continuing sub-case 1.4, if N ≤ T b ≤ M , applying Formula (9), we can obtain the following results by the same approach as in Theorem 1 and Theorem 2.
where
Now we can present Theorem 8. Proof: Omitted. Next, to continue sub-case 1.4, if M ≤ T b , applying Formula (10), we can derive the following results using the same approach as in Theorem 1 and Theorem 2.
Thus, Theorem 9 is given as follows. 
then we obtain the following: (a) T P 8 (T , N ) is a strictly concave function in N , accordingly, there is a unique maximum solution N * 8 ;
Proof: Omitted. In summary, we derive the following theorem: Theorem 10: For any given N , when M ≥ N , (1) if 1 ≥ 0 and 2 ≥ 0,
B. OPTIMAL SOLUTION FOR THE CASE OF M ≤ N
The process of model analysis in this sub-section is the same as in the previous one. Similarly, via adopting the abovementioned theoretical result in Formula (15), we can demonstrate T P i (T , N ) for i = 1, 2, . . . , 14 is strictly pseudoconcave in T . Accordingly, the following theoretical results are derived.
If M ≥ T , applying Formula (11), taking the first-order partial derivative of T P 9 (T , N ) w.r.t. T , setting the result to 0, i.e.,
via re-arranging terms, the optimal solution of replenishment cycle time is derived, i.e.,
To ensure the condition M ≥ T * 9 is satisfied, we define the discrimination term:
For any given T , taking the first-order partial derivative of T P 9 (T , N ) w.r.t. N , setting the result to 0, via 54304 VOLUME 6, 2018 re-arranging terms, we derive
Taking the second-order partial derivative of TP 9 (T , N ) w.r.t. N and via re-arranging terms, we obtain
To confirm whether N * 9 is positive or 0 , we adopt Formula (18) to state the discrimination term
Via adopting the above analysis, we derive the following theorem:
Theorem 11: (1) For any given N , T P 9 (T , N ) is a strictly pseudo-concave function in T , accordingly, there is a unique maximum solution T * 9 . (2) For any given N ) is a strictly concave function in N , accordingly, there is a unique maximum solution N * 9 ; (b) If N 9 ≤ 0, T P 9 (T , N ) is maximized at N * 9 = 0; (c) If N 9 > 0, there is a unique N * 9 > 0 that maximizes T P 9 (T , N ).
Proof: Omitted. Similarly, for the second interval: M ≤ N ≤ T , when T a ≤ M ≤ N , applying Formula (12), using the same approach as in Theorem 11, we can finally derive
By applying above analysis, we derive the following results:
Theorem 12: (1) For any given N , T P 10 (T , N ) is a strictly pseudo-concave function in T , accordingly, there is a unique maximum solution T * 10 . (2) For any given Proof: Omitted. If M ≤ T a ≤ N or N < T b , applying Formula (13) or Formula (14) and using the same approach as in Theorem 11, we can finally derive
Lastly, we obtain the following theorem: Theorem 13: (1) For any given N , T P 11 (T , N ) is a strictly pseudo-concave function in T , accordingly, there is a unique maximum solution T * 11 . (2) For any given
then we obtain the following:
(a) T P 11 (T , N ) is a strictly concave function in N , accordingly, there is a unique maximum solution N * 11 ; (b) If N 11 ≤ 0, T P 11 (T , N ) is maximized at N * 11 = 0; (c) If N 11 > 0, there is a unique N * 11 > 0 that maximizes T P 11 (T , N ).
Proof: Omitted. Through the above analysis, Theorem 14 is given:
(2) if 8 < 0 and 9 ≥ 0, TP = T P 10 (T * , N ) is maximized at T * = T * 10 ; (3) if 8 < 0 and 9 < 0, TP = T P 11 (T * , N ) is maximized at T * = T * 11 ; Proof: Omitted.
V. NUMERICAL EXAMPLES AND MANAGERIAL INSIGHTS
In this section, to illustrate the results developed in this paper and to gain some managerial insights, three numerical examples are implemented. The retailer's annual total profit change is shown in Fig.8 . Likewise, we can see the highest point at (0.1336, 0.1295), which is the same as the above calculation. The retailer's annual total profit change is shown in Fig.9 . Likewise, we can see the highest point at (0.6805, 0.1180), which is the same as the above calculation.
Example 3: Adopting the same data as in Example 1, the sensitivity analysis of the optimal solution w.r.t. each parameter in the proper unit are analysed. The results are shown in Table 2 . Sensitivity analysis results are given below: Assuming other parameters remain the same, (1) the values of N * and T P * increase with a or k while the value of T * decreases with a or k;
(2) the values of N * and T P * decrease with b while the value of T * increases with b.
(3) the values of N * and T P * increase with M while the value of T * decreases with M ; (4) the values of N * , T * and T P * decrease with β; (5) the values of N * and T P * increase with α while the value of T * decreases with α.
B. MANAGERIAL INSIGHTS
Economic interpretations and managerial insights of the sensitivity analysis results in Table 2 are as follows:
(1) If a or k is higher, the impact of down-stream trade credit period N on demand (and annual profit) becomes greater. Accordingly, a higher value of a or k causes higher values of trade credit period N * and annual total profit T P * and a lower value of T * to reduce holding cost. At this point, the retailer should choose to weaken the replenishment cycle and increase the order quantity strategy accordingly.
(2) If b is higher, the default risk of customers is higher. To control the default risk, the retailer will shorten the trade credit period. Accordingly, a higher value of b causes lower values of trade credit period N * and annual total profit T P * with a higher value of T * to reduce default risk. At this point, the retailer should choose to shorten the down-stream trade credit period and cut down the order quantity to control the loss caused by default risk.
(3) If M is higher, the retailer's interest income before the end of deferred payment becomes higher because of the longer average time of earning interest. At this point, analogously, the retailer should choose to cut down the replenishment cycle and improve the order quantity strategy accordingly.
(4) If β is higher, the retailer's initial payment to the supplier is higher, causing greater principal on the interest payment. Hence, a higher value of β causes lower values of N * , T P * and T * . At this point, the retailer should choose to cut down the replenishment cycle and decrease the order quantity strategy accordingly.
(5) If α is higher, the retailer obtains more cash from customers as principal on the interest earning. Hence, a higher value of α causes higher values of N * and T P * and a lower value of T * . Likewise, the retailer should choose to elongate the replenishment cycle and improve the order quantity strategy accordingly.
In the aggregate, retailers tend to cooperate with suppliers that offer a longer trade credit period or require less immediate payment ratio. Hence, to sell more productions, suppliers should, as far as their own funds allow, provide retailers with a longer trade credit period or reduce the retailer's immediate payment percentage. Considering the risk of default, to obtain more profits, retailers should provide customers with an appropriate trade credit period and immediate payment percentage, which are the optimal credit period and ordering policies solved in this paper, based on a trade-off between customers' default risk and sales promotion.
VI. CONCLUSION
Taking into account both upstream and downstream partial trade credits simultaneously is important for alleviating capital constraint, reducing down-stream companies' default risk and improving the integral profit of the supply chain. To date, however, two-level partial credit has barely obtained attention from scholars. In this paper, an EOQ model in a supplierretailer-buyer supply chain has been established, where the retailer gets partial trade credit from its supplier and in turn furnishes a partial trade credit to its customers based on its own profit maximization. Solution procedures are developed to identify the optimal trade credit period and optimal periodic time for the retailer after formulating the model. Lastly, we have used several numerical examples to show the optimal solution, after which, through sensitivity analysis, we derive the influence of related parameters on a retailer's order decision, and the managerial implications of the sensitivity analysis results are clear. In terms of future research, we can extend the model into more realistic assumptions, such as perishable items, allowable shortages. Assuming stochastic demand of multiple players at the three-echelon supply chain is another interesting and challenging extension.
Applying (19) and (20), we obtain 
APPENDIX C PROOF OF THEOREM 10
Proof: If 1 ≥ 0 and 2 ≥ 0, let us substitute 1 , 2 and Formula (18) into N + T ≤ M and N ≥ T a , respectively; then, it is easy to judge that N + T * 1 ≤ M and N ≥ T * a are satisfied at the same time. Hence, in this condition, the retailer's objective function of annual total profit is in the interval of sub-case 1.1, i.e., TP (T ) = T P 1 (T ).
According to Formula (15), we know that T P 1 (T ) < 0 and that TP (T ) is a concave function w.r.t. T . Consequently, there is a unique T * 1 that makes Formula (16) equal to zero, and then, the profit function is maximized. Via adopting the similar argument, one can prove the rest of Theorem 10. This completes the proof of Theorem 10.
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